On the Antimicrobial Activity of NO  by de Cicco, Diane
NOTES AND COMMENTS 
On the Antimicrobial Activity of NO 
4 
Diane de Cicco 
It  was thought for a long time that nitric oxide (NO) 
was nothing but toxic. It came as a surprise, therefore, 
when it was discovered that the highly reactive free- 
radical, NO, albeit at very low levels and in short pulses, 
was involved in physiological regulation (l), including 
mucosal blood flow (2) and smooth muscle tone (3) .  
N O  is produced by endogenous cellular synthesis 
from L-arginine as well as exogenous reduction of 
nitrate to nitrite and subsequent acidification of nitrite 
to NO in the gastrointestinal tract ofmamnials. Cellular 
NO synthesis and NO-mediated cytotoxicity have 
been reported in a variety of cells including macro- 
phages, epithelial, endothelial and fibroblastic cells, and 
hepatocytes (4). 
There is now increasing evidence that N O  also 
possesses antimicrobial properties and the list of 
susceptible microbes is growing, including bacteria, 
fungi and parasites. According to a recent article, 
chemically-generated N O  in the mouth appears to be 
important in keeping oral infections at bay. Duncan 
et al. (5) have shown that nitrate reduction occurs 
only on the posterior surface of the tongue where 
gram-positive and gram-negative bacteria happen to 
live. No such reduction occurs in germ-free animals, 
suggesting that the bacteria themselves provide the 
reduction machinery. Duncan et al. hypothesize that 
the conversion of nitrite to NO then proceeds thanks 
to the acid-producing bacteria in the gingival sulcus 
surrounding the teeth. 
Another recent study by Jones-Carlson et al. has 
shown that C. albicans-activated murine yS T cells 
activate N O  production in macrophages in vitro, 
endowing them with candidacidal activity (6). This 
activation appears to be mediated by IFN-y. Their 
work also shows that depletion of yS T cells in 
euthymic and athymic mice made the mice more 
susceptible to orogastric and vaginal candidiasis, and 
abrogated the expression of inducible nitric oxide 
synthase (iNOS) mRNA in orogastric tissues. This 
suggests that yS T cells upregulate the expression of 
iNOS and enhance the resistance of T cell deficient 
mice to mucosal candidiasis in vivo. 
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Vazquez-Torres et al. have also recently shown that 
peritoneal macrophages from both immunocompetent 
and immunodeficient mice, when incubated in vitro 
with IFN-y and LPS, are activated to kill C. albicans. 
The activated macrophages produce increased amounts 
of nitrite. This increase appears to be associated with 
enhanced candidacidal activity since it is reduced in a 
dose-dependent manner by a specific NOS inhibitor 
(NG-monomethyl L-arginine) in vitro. In addition, the 
authors found that SCID immunodefient mice, which 
are relatively resistant to mucosal candidiasis, had 
increased susceptibility to orogastric candidiasis after 
treatment with the NOS inhibitor, aminoguanidine, 
while immunocompetent mice were not made more 
susceptible to gastric mucosa candidiasis by this 
treatment. This suggests that mucosal protection from 
C. albicans is mediated by NO-dependent and NO- 
independent mechanisms (7). 
The mechanism of action of N O  as an anti- 
microbial is still poorly understood. N O  could work 
by complexing with iron-sulphur centres of enzymes 
essential for respiration (8) or causing damage to the 
DNA (9). NOS high reactivity may also be invoked, 
with its capacity to react with superoxide to form 
peroxynitrous acid and the highly reactive hydroxyl 
radical (10). 
Although much remains to be elucidated con- 
cerning NO production and its mechanism of action, 
there seems to be little doubt today that N O  is a potent 
antimicrobial agent. 
After the bad name nitrates and nitrites have made 
for themselves as cancer-promoting agents over the 
last decades, it would be somewhat ironical if these 
substances came to be used as standard dietary sup- 
plements to produce a gas, once thought to be only 
toxic, in order to potentiate the treatment of bacterial, 
fungal and parasitic infections in chronically infected 
and immunocompromised patients. 
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